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Summary 

An extensive 30-week survey of environmental tobacco smoke has been undertaken in 
Great Britain. The survey consisted of over 2,900 sampling operations according to a 
scheme which covered a range of situations to which the public are exposed during their 
travel and leisure as well as at home and work. Sampling took account of population 
distribution as well as geographical and seasonal effects. 

Three coraponenU of tobacco smoke-particulate matter as measured by Minirams, 
carbon monoxide and nicotine - have been determined in smoking and non-smoking 
situations* whilst the reported presence or absence of smoking within 2h prior to 
sampling was used to distinguish between non-smoking and Smoking environments. The 
survey was structured around 30 min sampling periods, using unobstrusive, portable 
sampling equipment capable of detecting each of the three components at less than 5% of 
t their individual (occupational exposure limit (OEL) is the UK recognized workplace 

safety level). 

Overall mean Miniram particulate matter was 0 M mg m~ 3 , with a smoking location 
mean of 0.81 mg nT 3 and a non-smoking mean of 0.31 mg nT 3 . TheM results, as 
determined by the Miniram light scattering device arc, however* known to be an 
overestimate when compared to methods based on the measurement of paniculate 
mass, such as the Piezobalance. Subsequent studies in a variety of locations have shown 
the Mimram to over-estimate by at Ifcast a factor of 2.5 in the presence of tobacco 
smoke. 

The overall mean carbon monoxide level was 14ppo with a mean of 2.7 ppm in 
smoking locations and 11 ppm in non-smoking locations. With the limitations of the 
carbon monoxide monitors, this difference is not thought to be significant. 

In calculating the mean results for nicotine, a value of 6.8 pg m“ 3 (Le. half the limit of 
detection) was assumed whenever the nicotine level was below the limnit of detection. 
This has almost certainly led to an over-estimation of nicotine, particularly in non¬ 
smoking situations, where nicotine was rarely detected. Applying this factor the mean 
overall nicotine concentration was 14pg nT 1 with a mean of 21 pg m“ 3 in smoking 
locations and 8 pg m“ 3 in non-smoking locations. No nicotine concentrations exceed the 
OEL set at 500p m* 3 and 95% of all readings were below 10% of the OEL. 


Considerable effort has been expended over the last 15 yean attempting to control 
emissions of air pollutants into the atmosphere from sources such as power stations, 
factories and automobiles [1]4 More recently, increasing public awareness has prompted 
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There are many sources of indoor pollutants (both gaseous and particulate) including 
the use of gas stoves and fires, coal, coke, and wood fires, house plants, cooking, cleaning, 
painting, and the adoption of a variety of household and office products including 
cleaning agents, glties, correction fluids, plastics and varnishes [3* 4]. In addition, the 
simple act of movement resuspend* particulate matter [5] whilst building materials and 
furnishings, especially when new, may release a variety of organic materials into the 
indbor atmosphere [6J1 Release of formaldehyde from cavity wail insulation; furniture 
and fabrics are all examples of such indoor air pollutants and are of considerable public 
concern. 

Specific interest has been directed towards pollutants associated with emissions from 
gas cooking and other problems such as radon build up, "sick-budding" syndrome and 
environmental tobacco smoke (ETS) [11 7J. Probably the most emotive issue is that of 
ETS, largely with respect to considerations of irritation and discomfort, but more 
especially in the light of recent epidemiological studies alleging risks to the health of the 
exposed non-smoker* 

The contribution ETS components make to the indoor air environment is difficult to 
quantify for a number of reasons. Environmental tobacco smoke has not yet been 
sufficiently characterized such that its nature can be dearly defined. The concentration of 
any individual ETS compound or group of compounds in an enclosed space is dependent 
upon its generation rate from the tobacco, the source consumption rate, ventilation, the 
concentration of the constituent in the incoming ventilation air, dimensions of the room, 
the degree of mixing, the rate of removal by adsorption or chemical transformation and 
the effectiveness of any air cleaning devices such as air conditioning systems [ft]. 

One major problem when attempting to define the contribution of ETS to air quality 
is that in real life situations ETS normally exists in association with a complex mixture of 
air contaminants from other sources, particularly those from other combustion sources 
[ 1 ]. Indeed, these may not necessarily originate from indoor situations. Pollutants such as 
carbon monoxide for example, readily pass from the outdoor to the indoor environment 
without significant change in concentration [9). However, indoor pollutants can give rise 
to high local co n ce n trations, but are greatly diluted on passing to the outdoor 
environment In contrast, reactive gases such as ozone and sulphur dioxide are rapidly 
removed in the indoor environment end levels art normally only a fraction of those 
commonly encountered outdoors [10], thereby indicating the complex relationship 
between indoor and outdoor air. 

To date the major short-fail of studies examining ETS in the failure to adequately 
quantify the actual ETS dose received by the non-smoker. Environmental Tobacco 
Smoke is a complex and greatly diluted mixture of sidestream (commonly defined as the 
smoke which issues from the product between puffs), moutbspill (smoke released from 
the mouth before inhalation) and exhaled smoke, the p roportion s of which will vary 
depending on the smoking behaviour of the individual smokers. In realistic circum¬ 
stances ambient concentrations depend on sidestream smoke and the exhaled main¬ 
stream smoke [11,12]. In order to quantify ETS components therefore, any co mponent 
determined should ideally be unique to tobacco smoke, present in sufficient quantity to 
be easily detectable, similar in emission rate for a variety of tobacco products and be 
present in a fairly consistent ratio to other smoke components of interest [9). 
Furthermore, it b apparent that in order to evaluate the contribution of tobacco smoke 
to indoor air quality, non-smoking as well as smoking situations need to be studied under 
as wide a variety of actual conditions u possible. 
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to assess indoor air quality in home, work, leisure and travel situations; 
to evaluate the ETS components of indoor air. 
to compare smoking and nonsmoking environments. 


Materials and Methods 

Markers for ETS 

Three main components of tobacco smoke were identified as markers within the study, 
namely, nicotine, carbon monoxide and Miniram particulhte matter (TPM)j 

Nicotine fulfils most of the criteria for a suitable mar ker being a major component of 4 
and almost exclusive to, tobacco smoke and also is detectable in small quantities of air at 
low concentrations [11,13,14]. Moreover, nicotine has been measured in the majority of 
existing studies [IJ. 

Carbon monoxide is a commonly measured constituent of indoor tobacco smoke in 
field surveys since it is a major component of cigarette smoke and is relatively easy to 
measure, although there are many other sources of indoor carbon monoxide besides 
tobacco smoke [9,11,16]. 

Total suspended particulate matter can be defined as particles (generally <15 pm) 
suspended in the atmosphere, as collected for subsequent gravimetric determination. An 
alternative generalised measurement of particulates utilizing a light scattering technique 
was used and subsequently calibrated against piezobalance and gravimetric methods. 


Survey Design 

A 30-week field survey was designed to study four types of indoor environment; 
workplaces (W), homes (H), leisure (L) and travel (T). Monitoring was eventljr 
distributed between each type and performed by an independent research laboratory 
(Hazleton Laboratories UK Ltd., UK). The study was designed to evaluate a total of 30 
locations representing a wide variety of exposures throughout the United Kingdom 
which were considered in three major regions according to population density (Table 1). 

These figures were derived from recent statistics [17], by a market research group 
(MAS Survey Research Ltd., UK) to represent the geographical regions, urban and social 
status of the UK. 

Homes were randbmiy selected after reclassification by local authority area according 
to these criteria. Work situations were randomly selected within each classification 
according to type and size (number of emptbyees) of business to reflect any particular 
location based on a quota system. Leisure and travel situations were identified and 
arranged around work and home samples to maintain flexibility. 

A balance of timing with respect to days of the week, start times, and times of the year 
was arranged so as to cover the spectrum of normal life exposure (Fig. 1). The study was 
divided into three 10-week-periods, each area being sampled completely over any 10- 
week-period. Each operative subsequently routed to a dif fe rent area during the 
following ID-week-period. A suggered pattern of start times and days enabled extended 
coverage of time of day and days of the week. These wen reprated by succeeding 
o pera t iv es. 
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Area 

No. 

Location 

Population 

% 

Total 

regions 

Conur¬ 

bations 

Large 

urban 

Small urban/rural 

H* L fc 

1 

South East 

30 

9 

4 

1 

3 

1 

2: 

South Wat* 

Wales, Midlands, 
East Anglia 

34 

10 

t 

2 

3 

4 

3 

North, Yorkshire, 
Humberside, 

North West, 
Scotland 

36 

11 

6 

2 

1! 

2 


* H - high density 

* L - low density 
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Fig. 1. Typical operative work schedule during any 10-week-period. H: boost call; B: bustaen call; 
7; travel call; L leisure call; * Residual T A 1 performed where poeribk after arrival at new locality 


Equipment Selection and Analytical Procedures 


The equipment used was potable* robust end discretely operable, being reliable and 
precise. Four integrated kits were assembled and tested in field trials prior to the study. 
Each kit consisted of a carbon monoxide dosimeter (General Electric 15 ECCIC02; 
MDA Scientific, UK), a Minima PDM-3 particulate dosimeter (GCA Corp., US AX a 
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temperature probe and an electrical event marker interfaced to a data logger. Air flbw 
through CO and TPM dosimeters during sampling was maintained at rates of 0.006 m 3 
IT 1 and 0.015 m? h" 1 respectively using two Alpha pumps (DuPont Ltd, USA) illustrated 
in Fig. Z 

Each sampling event lasted for a period of 30mim CO, TPM and temperature 
readings being logged every 2 min. Concurrently, nicotine samples were obtained by 
adsorption onto 200 mg of Tennax TA adsorbent (Chromopak, UK) contained in open 
ended steel tubes which were placed on the CO line. Readings of relative humidity were 
recorded manually along with relevant site details in the operators diary. Nicotine 
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_ cacriltary gas 

’*5FS>til of 5% of samples were validated in the field by Imperial College staff in 
parallel with Hazleton field operatives* Instrument cross checks were also performed 
with all kits between each 10- week-work -period; 

Miniram TPM dosimeters were retrospectively subject to a separate calibration 
exercise in comparison with piezobalance and gravimetric methods. 


Results 


Summary data for the complete 30-week-study is given in Table 2 along with 
corresponding percentile values. In each table a smoking sara pie is one in which smoking 
is known to have taken place during sampling or within the 2 h prior to sampling. 

Carbon monoxide had an overall mean concentration of 14 ppm for some 2,657 
measurements throughout the survey. In smoking situations the mean carbon monoxide 
level was 17 ppm (416% of samples) and in non-smoking situations it was 11 ppm. In 
95% of cases where smoking was taking place, carbon monoxide concentrations were leu 
than 7.2 ppm compared with 5.9 ppm in non-smoking situations (Table 2% The 
distribution of CO values indicated the relatively high proportion of readings within the 
ranges 0*2 and 2-4 ppm (Fig. 3). Similarly mean CO values observed in each activity 
confirmed these low levels, travel locations having greatest means at 19 ppm and 17 jppm 
for smoldng and non-smoking situations respectively (Fig. 3). However, differences 
between these situations remained small regardless of activity or smoking status. 

When comparing the difference in particulate levels between smoking and non¬ 
smoking situations the values quoted should be assessed with caution due to the likely 
over-estimation of the Miniram for particulate levels in mixtures of ETS and particulates 
from other sources. Indeed, comparative assessments of Miniram TPM, piezobalance 
and gravimetric methods revealed overall overestimates of 15 over piezobalance data 
and 10 over gravimetric data. These also varied according to smoking status. The mean 
overall Minima TPM reading determined from 2S01 readings was 0.56 mg m~\ In places 
where smoldng occurred a mean of 0.81 mg was found whereas a mean of 0.31 mg 
m~ 3 occurred where no smoking was recorded Smoking and non-smoking related 
uncorrected Miniram TPM values in 95% of all cases were leu than 142and 0.88 mg nT* 
respectively. A similar distribution of data was observed with low numbers of high 
readings although this was leu marked in smoldng situations (Fig. 3). The highest mean 
TPM values were observed in smoking locations particularly in leisure areas with a value 
of 0.91 mg m“ 3 and in travel locations with a mean of 0.79 mg m~ 3 (Fig. 3). 

Of the 2912 sites sampled for nicotine, 49.6% represented smoldng situations. Acrou 
these samples the mean nicotine concentration was 14pg m" 3 (median N.D.) compared 
with 21 pg nT 3 in smoking locations only and non-detectable in non-smoking situations 
(Table 2), their distribution is shown in Fig. 3. 

Nicotine was not detected in 77.5% of all samples taken. Concentrations found were 
leu than 49.8 pg nT 3 in 95% of all samples whereas in smoking situations 95 % were below 
74 pg nT 1 . Where no smoking occurred within 2 h of sampling, 95% of samples were below 
16pgnT 3 , and mooting exposure was consistently very low acmes aO activities. Where 
smoldng occurred travel and leisure activities appeared to be associated with highest 
nicotine readinp,'mean nicotine values being 24 and 22 pg ra" 3 respectively (Fig. 3). 

Nicotine, carbon monoxide and miniram TPM samples recorded during the 5% 
validation programme, initially randomly chosen and subsequently selected, were 


Source: https:// 
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TaMe 2. Summary and percentiles for 30-week-study 


Activity 


Temp. 

•c 

R.H 

CO (PPM) 


TPM (MG/MJ)* 


Nicotine (t)G/MJ)*r 

1 

SM(T) 

SM(Y) 

SM(N) 

SM ( T ) 

SM(Y> 

SM ( N ) 

SM(T) 

SM(Y) 

SM(N)fl 

Travel 

mean 

20 

44 

28 

2.9 

2.7 

0.62 

0.79 

0.42 

17 

24 

7 1 


sd 

5 

8 

2.8 

2.5 

3.1 

0.64 

0.75 

0.36 

31 

40 

4 * 


min 

1 

22 

00 

00 

0.0 

0.00 

0.00 

0.07 

7 

7 

7 } 


max 

34 

75 

17.4 

13 1 

17.4 

4.98 

4.98 

1.83 

4(4 

414 

42 1 


data 

545 

308 

518 

283 

235 

538 

297 

241 

564 

313 

251 i 

Work 

mean 

20 

45 

2.1 

2.2 

2.1 

0.41 

0.61 

0.31 

to 

14 

9 'i 


id 

4 

9 

2.7 

3.3 

2.4 

0.42 

0.59 

0.26 

12 

18 

7 1 


min 

8 

23 

0.0 

GO 

0,0 

0.00 

0.07 

0.00 

7 

7 

7 1 

1 a 


max 

30 

75 

31.9 

31.9 

21.9 

5.78 

5.78 

2.20 

167 

167 

99 \ 


data 

723 

721 

671 

221 

450 

704 

224 

480 

733 

238 

495 1 

Home 

mean 

20 

46 

1.9 

2.3 

1.8 

0.36 

0.70 

0,27 

10 

19 

8 :| 


•d 

3 

9 

2.3 

2.9 

2.1 

0.36 

0.52 

0.23 

17 

33 

6 * 


min 

10 

5 

0.0 

0.0 

0.0 

0.00 

0.07 

0.00 

7 

7 

? i 


max 

30 

71 

26.2 

26.2 

25.4 

3.15 

3.15 

2.05 

292 

292 

82 1 


data 

766 

763 

688 

139 

549 

748 

156 

592 

774 

162 

612 \ 

Leisure 

mean 

20 

45 

2.7 

2.8 

2.2 

0.84 

0.91 

0.33 

20 

22 

8 

i 

sd 

3 

8 

2.7 

2.7 

26 

0.82 

0.85 

0.26 

29 

31 

6 


min 

8 

17 

0.0 

0.0 

0.0 

0.07 

0.07 

0.07 

7 

7 

7 


max 

32 

75 

28.7 

28,7 

18.9 

6.22 

6.22 

1.24 

450 

450 

66 


data 

819 

578 

780 

676 

104 

811 

703 

108 

841 

729 

112 

Total 

mean 

20 

45 

2.4 

2.7 

2.1 

0.56 

0.81 

0.31 

14 

21 

8 


sd 

4 

9 

2.7 

2.8 

2.5 

0.63 

0.77 

0.27 

24 

32 

6 


min 

1 

5 

0.0 

0.0 

0.0 

0.00 

0.00 

0.00 

7 

7 

7 


max 

34 

75 

31.9 

31.9 

25.4 

6.22 

6.22 

2.20 

450 

450 

99 


data 

2,853 

2,370 

2,657 

1.319 

1,338 

2,801 

1,380 

1,421 

2,912 

1,442 

1,470 


Note •: Particulate matter measured by miniram 

Nicotine data below detection limit included as 6.8 UG/M3 


Source: https://www.industrydocuments.ucsf.edu/docs/tfnmOOOO 







Minimum 
01% value 
05% value 
10% value 
25% value 
50% value 
75% value 
t0% value 
90% value 
95% value 
99% value 
Maximum 

No of data 


* Note; 77.5% of data u below detection limit 


SM(T) 

SM(Y) 

SM(N) 

00 

0.0 

00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

08 

0.3 

1.9 

2.1 

1.6 

3.4 

3.8 

3 1 

3.9 

4.2 

3.5 

5.1 

5.6 

4.5 

6.5 

7.2 

5.9 

11.5 

12.6 

11.5 

31.9 

31.9 

25.4 

2,657 

1.319 

1,338 
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Source: https://www.industrydocuments.ucsf.edu/docs/tfnmOOOO 
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for any parameter. Of the manually 
i were t-tated, only tempera* 
tuie readings were found to be significantly different (p *0.05% However, the difference 
(0.7 # C) was negligible, subsequent tests performed in the laboratory confirmed the kits to 
be within O.I # C of each other. Cross checks involving ail kits between 10*week-periods 
also revealed no significant differences (p = 0.05) between paired nicotine, carbon 
monoxide and miniram TPM data. 




Discussion 

Several authors have previously indicated the inherent difficulty associated with the 
assessment of human exposure to ETS as a consequence of the number of variables 
involved [11,15% Apart from human behaviour and environmental factors, experimental 
design and analytical considerations are also important In this study reported values are 
based on arithmetic means of large numbers of individual results and hence may reflect 
any imbalance that exists in the number of observations in each sampling category. The 
incidence of smoking and non-smoking samples within each category and activity may 
not reflect die "natural" relative incidence. Therefore an average exposure to ETS in all 
situations over both smoking and non-smoking samples require certain assumptions to 
be made prior to evaluation. 

In terms of the survey as a whole the sampling locations within each activity were 
selected at random and therefore the relative incidence of smoking to aoa-smolring 
situations should reflect the "natural" incidence due to the large number of data points. 
Overall 49.5% of all locations were smoking samples. As one examines the sampling 
locations within each activity in more detail, however, the incidence of smoking to non¬ 
smoking may not reflect the "natural* in c i d e nc e. For example, assessing the exposure to 
ETS in a bus in all situations is difficult since smoking occurred during or prior to 75% of 
the samples (n * 113% Over all travel locations, however, smoking had occurred in 56% 
of all samples (a * 537) a proportion which is more likely to be representative. Care must 
therefore be exercised when examining the data in detaiL 

No ambient air quality standard exists for nicotine in air in the United Kingdom but 
an OEL of 500pg nT } has been set by the Health and Safety Executive for long term 
industrial exposure in terms of an I hour time weighted average Of all the locations 
sampled in this study, 05% were less than 10% of this OEL, furthermore, the overall 
respective non-smoking and smoking nicotine means of 8 and 21 pg nT 1 , were regarded 
as higher than anticipated in reality. These high mean values were attributable to non- 
detected nicotine readings, in non-smoking and smoking environments, being recorded 
as 6.8 pg nT* accounting for a reasonable distribution of data below the 13.6pg m~* 
detection limit 

The mean overall nicotine value of t4pg nT 1 was lower than that observed by 
Maramatsu et al. [11] who found a mean nicotine concentration of 20.3 pg nT 3 (max 
83 iq o' J f n * 91) in various work, leisure and travel locations. However, Sterling et at 
[1] in a summary of 230 studies undertaken in buildings in the United States reported a 
median nicotine concentration of 8.5 pg nT* where smoking was permitted. Similarly, 
nicotine values associated with different activities are compatible with previous 
findings. For example, mean nicotine conce n t r ations in offices of 19pg nT 5 , with 
maximum of 48 pg nT 1 from 10 samples and in railway workshops of 5.1 pg m~Y 
maximum 41 pg nT 3 from 14 samples, have been measured [14% An early study had 
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suggested a mean nicotine concentration of U pg nf 1 foe 160 samples with a maximum 
^^of I6uf • 

v ' Occupational Exposure limits to carbon monoxide in the United Kingdom are 
50 ppm as an 8 h time weighted average for long term exposure and 400 ppm is a 10 min 
time weighted average for short term exposure [16J. in this study carbon monoxide values 
were relatively low throughout and no individual 30 min mean carbon monoxide 
concentration exceeded the OEL of 50 ppm, and 95% of all locations were below 14% of 
this OIL* In 95% of cases where smoking was taking place, carbon monoxide 
concentrations were less than 7.2 ppm compared to 5-9 ppm in no smoking situations and 
the distribution dau would indicate significant contributions from other combustion 
sources at the higher levels of carbon monoxide* Sisovic and Fugas [9] suggested that, 
during summer months, indoor carbon dioxide levels in shops can be significantly 
affected by proximity and density of traffic. 

Particulates were detennined by light scattering methods which must be related to 
standard gravimetric or piezobalance measurements due to difficulties in Mininm 
calibration related to particle sine and particulate colour. Despite such calibration 
considerations the Miniram was the only instrument capable of the field monitoring 
required in this survey due to its portability, robust nature and logging capability. 
Comparative assessment of particulates were consistent with the findings of Rawbone et 
aL [201 who suggested a reduction factor of 25 for Miniram readings. Assuming a 
correction fiwtor of 2.5, ah partkulau co nce n trations in the survey were below the QEL 
of5,000pgm 7, setfor*mpirabledust“[2iJ. Furthermore, 95% of all samples would be 
(ess than 14% of the OEL and 95%ofall smoking samptei would be less than 19% of the 
OEL. The findings observed compare favourably with other studies when the correction 
factor is applied. Typical values for particulates in indoor air have been reported to range 
between non-detecubk levels and 700 pg m~*in the United States with a median value of 
37 pg taT 3 [1]. In a comparison of sampling methods for respirable suspended 
particulates (<35pm) undertaken by the Reynolds Tobacco Company, Conner et aL 
[22] reported gravimetric particulate data up to 306pg taF 3 in a restaurant where 
smoking vu taking place. 


SwBunary and Condurioa* 

- An extensive 30-week-survey of indoor air quality in the UK has been undertaken. 

- Travel, w ork , home and leisure activities were evaluated approximately 3,000 timet. 

- Components of ETS monitored werr. CO, Miniram particulate matter and nicotine in 
smoking and non-smoking situations. 

- Ventilation and building design can affect ETS. 

- TPM was significantly higher in smoking versus non-smoking situations although 
both are consistently less when determined by piezobalance and gravimetric methods: 

- CO readings were ah background level and significantly less than outdoor air. Fifty 
p er cen t were below 2 ppm in smoking and oon-smoking situations. 

- More than 50% nicotine values in smoking and 90% in non-smokiiig environments 
were below the 14 pg nT J detection limit, 775% overalL 

• Travel and leisure ETS exposures were consistently higher than home and work 
exposures. 

• Home and work exposures to nicotine, 5% or less than UK long term occupational 
exposure limits (OELX whereas travel and leisure wVN within 10% of UK OEL of 
500 pgm^. 
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